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(54) Thermal insulation of a furnace for drawing optical fibres 



(57) The present invention provides an improve- 
ment to the thermal insulation of a fiber optic draw fur- 
nace having a heating element (22) arranged inside a 
furnace shell (20) for drawing an optical fiber (F) from a 
preform (P). The fiber optic draw furnace (10) has one 
or more pieces of fiber draw furnace insulation (14, 16, 
18) to separate the heating element (22) from the fur- 
nace shell (20) for reducing the thermal transfer there- 



between. At least one of the pieces of fiber draw furnace 
insulation (14, 16, 18) is made from rigidified high purity 
graphite felt that provides highly efficient thermal insu- 
lation between the heating element (22) and the outer 
furnace shell (20). The rigidified high purity graphite felt 
insulation (14, 16, 18) includes either a bottom insulation 
ring (14), a cylindrical insulation insert (16) or a cylindri- 
cal insulation canister (18). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field Of Invention 

The present invention relates to a fiber optic draw 
furnace for making optical fiber; and more particularly to 
insulators for separating a heating element from an out- 
er furnace shell in graphite resistance and inductance 
furnaces. 



2. Discussion of Related Art 

Known graphite resistance fiber optic draw furnac- 
es typically have a standard graphite felt insulation in- 
sert that may be nonhomogeneous (density variation). 
The standard graphite felt insulation is very "dirty'' (loose 
graphite particles and graphite fibers). The standard 
graphite felt is also very susceptible to moisture and ox- 
ygen absorption. 

SUMMARY OF THE INVENTION 

The present invention provides an improvement to 
a fiber optic draw furnace having a heating element ar- 
ranged inside a furnace shell for drawing an optical fiber 
from a preform. The fiber optic draw furnace has one or 
more fiber draw furnace insulation to separate the heat- 
ing element f roni the furnace shell for reducing the ther- 
mal transfer therebetween. At least one of the fiber draw 
furnace insulation means is made from rigidified high 
purity graphite felt that provides highly efficient thermal 
insulation between the heating element and the outer 
furnace shell. The rigidified high purity graphite felt in- 
sulation may include either a bottom insulation ring, a 
cylindrical insulation insert or a cylindrical insulation 
canister. 

Some advantages of the rigidified high purity graph- 
ite felt insulation include the fact that it has less density 
variation than standard (i.e. non-rigidified) felt, and 
therefore, has superior temperature uniformity; does not 
generate loose graphite particles or graphite fiber; and 
are resistant to moisture and oxygen absorption. 

BRIEF DESCRIPTION OF THE DRAWING 

The invention, both as to its organization and man- 
ner of operation, may be further understood by refer- 
ence to a drawing (not drawn to scale) which includes 
Figures 1-4, taken in conjunction with the following de- 
scription. 

Figure 1 is a schematic diagram of a fiber optic draw 
furnace, which is the subject matter of the present in- 
vention. 

Figure 2, including Figures 2(a), 2(b) and 2(c), is an 
illustration of a bottom insulation ring of the fiber optic 
draw furnace shown in Figure 1 . 



Figure 3, including Figures 3(a), 3(b) and 3(c), is an 
illustration of a insulation canister of the fiber optic draw 
furnace shown in Figure 1 . 

Figure 4, including Figures 4(a), 4(b), 4(c), is 4(d) 
5 are an illustration of an insulation insert shown of the 
fiber optic draw furnace shown in Figure 1. 

BEST MODE OF THE INVENTION 

io Fiber Optic Draw Furnace 10 



Figure 1 shows part of a graphite resistance fiber 
draw furnace generally indicated as 10 for drawing an 
optical fiber (F) from a preform (P). The graphite resist- 
ance fiber draw furnace 10 includes a graphite liner 12, 
a bottom insulation ring 14, a cylindrical insulation insert 
16, a cylindrical insulation canister 18, a furnace shell 
20, a heating element 22, a bottom graphite insulation 
plate 24, an inner graphite cylinder 26, a power head 
28, a top plate assembly 30 and a bottom plate assem- 
bly 32. 
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High Density Extruded Graphite Liner 12 

In Figure 1 , the high density extruded graphite liner 
12 has a cylindrical shape, and the heating element 22 
is cylindrical and arranged around the high density ex- 
truded graphite liner 12. The graphite liner 12 is a high 
density extruded graphite liner that is impregnated with 
vitreous carbon completely through its entire graphite 
liner matrix. The high density extruded graphite liner 12 
provides an improved barrier between the graphite heat- 
ing element 22 and the fiber optic preform (P) that is 
comparable to an isomolded graphite liner but much 
more economical in cost. 

High Density Extruded Graphite Heating Element 22 

In Figure 1 , the heating element 22 is a high density 
extruded graphite heating element that is impregnated 
with vitreous carbon completely through its entire graph- 
ite heating element matrix, making the graphite furnace 
10 effectively a high temperature thermal energy 
source. The impregnation of a lower grade graphite (low 
density extruded) with vitreous (glassy) carbon produc- 
es a heating element that is comparable in performance 
and benefits to expensive high density isomolded 
graphite heating elements with several additional ben- 
efits, as discussed above. 

Rigidified High Purity 

Graphite Felt Insulation 14, 16, 18 

In Figure 1, the insulation 14, 16, 18 are made from 
rigidified high purity graphite felt that provides highly ef- 
ficient thermal insulation between the graphite heating 
element 22 and the outer furnace shell 20. Rigidified 
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high purity graphite felt is known in the art, and consists 
of a homogeneous mixture of graphite fibers and a 
graphite-based resin that is solidified. The insulation 14, 
1 6, 1 8 is shown in greater detail in Figures 2-4, including 
the bottom insulation ring 14 in Figure 2, the insulation 
canister 18 in Figure 3 and the insulation insert 16 in 
Figure 4, and discussed in greater detail below. 

The bottom insulation ring 14 in Figure 2 is shown 
in Figures 2(a), (b), (c) and has a top surface with a thin 
layer of reflective graphite resin generally indicated as 
14a, a ring opening 14b for fitting around the graphite 
liner 1 2, and a bottom surface (not shown). The function 
of the bottom insulation ring 14 is to insulate thermally 
the bottom of the furnace shell 20 from the high temper- 
ature heating element 22. The bottom insulation ring 14 
is manufactured by machining the rigidified high purity 
graphite felt into its final dimensions. The machined ma- 
terial may be then coated on all surfaces with a thin layer 
of reflective graphite resin generally indicated as 14a 
that provides enhanced thermal insulating properties, 
which results in improved efficiency and increased life 
of the graphite heating element 22. In addition, the coat- 
ing 14a provides a clean surface free of graphite parti- 
cles and graphite fibers which is essential for the man- 
ufacturing of high strength optical fiber. The coating 1 4a 
also adds mechanical strength. 

The insulation canister 18 and the insulation insert 
16 are respectively shown in Figures 3-4. The function 
of the insulation insert 16 and the insulation canister 1 8 
is to thermally insulate the side of the furnace shell 20 
from the heating element 22. The insulation insert 16 
(Figure 4) fits into the inner diameter of the insulation 
canister 18 (Figure 3). All surfaces are coated with either 
a reflective graphite resin or a thin layer of reflective 
graphite foil laminated onto the surface of the rigid insu- 
lation material. The reflective graphite resin or the thin 
layer of reflective graphite foil are generally indicated as 
16a, 18a. Similar to the bottom insulation ring 14, the 
insulation insert 16 and the insulation canister 18 are 
manufactured by machining the rigidified high purity 
graphite felt into its final dimensions. The graphite foil 
and/or reflective coating 16a, 18a on all of their respec- 
tive surfaces results in improved thermal efficiency of 
the furnace and increased life of the heating element 22. 
In addition, the graphite foil and/or reflective coating 
16a, 18a provides a clean surface free of graphite par- 
ticles and graphite fibers which is essential for the man- 
ufacturing of high strength optical fiber. The graphite foil 
and/or reflective coating 1 6a, 1 8a also adds mechanical 
strength. 

Other advantages of the insulation ring 14, the 
graphite felt insulation insert 16 and the insulation can- 
ister 18 are that they have less density variation than 
standard felt, and therefore, have superior temperature 
uniformity; do not generate loose graphite particles or 
graphite fibers; and are resistant to moisture and oxygen 
absorption. 



The Two-Piece, TiC Coated, Barrier Plate 24, 26 

In Figure 1, the fiber optic draw furnace 10 has a 
new two-piece barrier including 24, 26 that consists of 

5 the bottom graphite insulation plate 24 and the inner 
graphite cylinder 26. The two-piece barrier 24, 26 is ar- 
ranged between the heating element 22 and the insula- 
tion pieces 14, 16, 18. The inner graphite cylinder 26 is 
coated on the inner diameter with titanium carbide (TiC). 

10 The TiC coated two-piece barrier 24, 26 may have 
other applications in glass drawing, and manufacturing 
processes or industries utilizing graphite resistance fur- 
nace technologies. 

The graphite resistance fiber optic draw furnace 

is known in the prior art typically has a heating element, 
furnace insulation and a graphite barrier between the 
heating element and the furnace insulation for protect- 
ing the furnace insulation. The prior art graphite barrier 
produces graphite particulate that degrades the optical 

20 fiber produced therein, has a short heating element life, 
reduces the life of the furnace insulation, and degrades 
overall furnace efficiency. In contrast, the new and im- 
proved two-piece barrier plate 24, 26 having a TiC coat- 
ing results in a cleaner furnace environment, which is 

2S important for manufacturing high strength optical fiber, 
longer heating element life, longer life of the furnace in- 
sulation, and improved furnace efficiency. 

Optimal Liner/Preform Gap Range of 3.5 to 7.5 
30 Millimeters 

In Figure 1 , the graphite resistance fiber optic draw 
furnace 10 has an air gap G in a range of 3.5 to 7.5 
millimeters (spacing) between an outer surface of the 

35 preform (P) and the inside surface of the graphite liner 
12 that is maintained to minimize graphite particulate 
contamination of the preform and fiber during the fiber 
optic drawing process. The same gap G is also impor- 
tant for minimizing the formation of SiC during the fiber 

40 optic drawing process. 

In the prior art, the significance or importance of 
"gap" size (spacing) between the preform (P) and the 
graphic liner is not given much consideration. However, 
it has been found that the maintenance of the air gap G 

45 in a range of 3.5 to 7.5 millimeters between the preform 
(P) and graphite liner 12 minimizes graphite particulate 
contamination of the preform P and fiber F during the 
fiber optic drawing process, and also minimizes the for- 
mation of SiC during the fiber optic drawing process. 

50 

The Scope of the Invention 

It is also to be understood that the claims are in- 
tended to cover all of the generic and specific features 
55 of the invention herein described and all statements of 
the scope of the invention which, as a matter of lan- 
guage, might be said to fall therebetween. For example, 
the scope of the invention is intended to cover a fiber 



3 

RNJRnnnm- <rFP (W1741PA1 I > 



5 



EP0 867 412 A1 



6 



optic draw furnace having one or more of the aforemen- 
tioned improvements. 

Claims 

1. A fiber optic draw furnace (10) having a heating el- 
ement (22) arranged inside a furnace shell (20) for 
drawing an optical fiber (F) from a preform (P), hav- 
ing one or more fiber draw furnace insulation means 
(14, 16, 18) to separate the heating element (22) 
from the furnace shell (20) for reducing the thermal 
transfer therebetween, 

wherein at least one of the fiber draw furnace 
insulation means (14, 16, 18) is made from rigidified 
high purity graphite felt that provides highly efficient 
thermal insulation between the heating element 
(22) and the outer furnace shell (20). 

2. A fiber optic draw furnace (10) according to claim 
1, wherein the one or more insulation means (14, 
16, 18) includes either a bottom insulation ring (14), 
a cylindrical insulation insert (16) or a cylindrical in- 
sulation canister (18). 

3. A fiber optic draw furnace (10) according to claim 2, 

wherein the fiber optic draw furnace (10) in- 
cludes a bottom insulation plate (24) having a tita- 
nium coating; and 

wherein the bottom insulation ring (14) in ar- 
ranged between the bottom insulation plate (24) 
and the outer furnace shell (20). 

4. A fiber optic draw furnace (10) according to claim 2, 

wherein the fiber optic draw furnace (10) in- 
cludes an inner cylinder plate (26) having a titanium 
coating that is arranged around the heating element 
(22); and 

wherein the cylindrical insulation insert (16) is 
arranged around the inner cylinder (26). 

5. A fiber optic draw furnace ( 1 0) according to claim 2, 

wherein the fiber optic draw furnace (10) in- 
cludes an inner cylinder plate (26) having a titanium 
coating that is arranged around the heating element 
(22); and 

wherein the cylindrical insulation canister (18) 
is arranged between the cylindrical insulation insert 
(16) and the outer furnace shell (20). 

6. A fiber optic draw furnace (10) according to claim 
1, wherein the fiber optic draw furnace (10) is a 
graphite resistance furnace. 

7. A fiber optic draw furnace (10) according to claim 
1, wherein the fiber optic draw furnace (10) is an 
inductance furnace. 



8. A fiber optic draw furnace (10) according to claim 
1 , wherein the fiber optic draw furnace (10) further 
comprises: 

5 an outer furnace shell (20); 

a bottom insulation plate (24) having a titanium 
coating and being arranged in the outer furnace 
shell (20); 

a bottom insulation ring (14) made of rigidified 
10 high purity graphite felt having a reflective coat- 

ing and being arranged between the bottom in- 
sulation plate (24) and the outer furnace shell 
(20); 

an inner cylinder plate (26) having a titanium 
is coating and being arranged around the heating 

element (22) and resting on the bottom insula- 
tion plate (24); 

a cylindrical insulation insert (1 6) made of rigid- 
ified high purity graphite felt having a reflective 
20 coating and being arranged around the an inner 

cylinder (26) and resting on the bottom insula- 
tion plate (24); and 

a cylindrical insulation canister (18) made of ri- 
gidified high purity graphite felt having a reflec- 
ts tive coating and being arranged between the in- 
sulation insert (16) and the outer furnace shell 
(20). 

9. Fiber draw furnace insulation (14, 16, 18) for a fiber 
30 optic draw furnace (10) that draws an optical fiber 
(F) from a preform (P), the fiber optic draw furnace 
(10) having a heating element (22) arranged inside 
a furnace shell (20), 

wherein the fiber draw furnace insulation (14, 
35 1 6, 1 8) is shaped to be arranged between the heat- 
ing element (22) from the furnace shell (20) for re- 
ducing the thermal transfer therebetween, 

wherein the fiber draw furnace insulation (14, 
16, 18) is made from rigidified high purity graphite 
40 felt that provides highly efficient thermal insulation 
between the heating element (22) and the outer fur- 
nace shell (20). 

10. Fiber draw furnace insulation (14, 16, 18) according 
45 to claim 9, wherein the fiber draw furnace insulation 

(14, 16, 18) is a bottom insulation ring (14). 

11. Fiber draw furnace insulation (14, 16, 18)according 
to claim 9, wherein the fiber draw furnace insulation 

so (14, 16, 18) is a cylindrical insulation insert (16). 

12. Fiber drawfurnace insulation (14, 16, 18)according 
to claim 9, wherein the fiber draw furnace insulation 
(14, 16, 18) is a cylindrical insulation canister (18). 

55 
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